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Identifying factors driving neural stem cell dysfunction in age-related neurodegenerative diseases remains
critical for the development of potential regenerative therapies. Now in Cell Stem Cell, Hamilton et al.
(2015) find that lipid accumulation observed during early stages of Alzheimer’s disease impairs neural
stem cell activity in the adult brain.Revered neuroscientist and histologist
Santiago Ramon yCajal (1928) formulated
a theory contentiously debated as a cen-
tral dogma in neurology up until the early
1990s: ‘‘Once development was ended,
the founts of growth and regeneration of
the axons and dendrites dried up irrevo-
cably... Everything may die, nothing may
be regenerated. It is for the science of
the future to change, if possible, this harsh
decree.’’ The future is here, and neural
stem cell (NSC)-dependent generation of
new neurons in the adult brain is now
acknowledged to occur in two regions:
the hippocampal dentate gyrus (DG) and
the subventricular zone (SVZ) of the lateral
ventricles. The discovery of these caches
of NSCs—whose functions are mediated
by both intrinsic and extrinsic signals
(Katsimpardi et al., 2014; Lim and Al-
varez-Buylla, 2014; Villeda et al., 2011)—
offers an exciting new venue for repair of
damage wrought by neurological injury,
neurodegenerative disease, and aging.
Increasing evidence suggests that per-
turbed adult neurogenesis may play a
role in age- and disease-related cognitive
decline (Lazarov and Marr, 2013). Howev-
er, in order to harness the latent plasticity
inherent in adult stem cells in the brain, we
must first understand the factors that
regulate NSC function during aging and
disease (Oh et al., 2014). In this issue of
Cell Stem Cell, Hamilton et al. (2015)
describe the effect of increased lipid
accumulation on NSC activity during early
stages of Alzheimer’s disease (AD).
In a prior study by the same group
(Hamilton et al., 2010), the authors report
that in a 3xTg-AD mouse model of AD,
neurogenesis is suppressed in the DGand SVZ by middle age. These findings
suggest that early changes during dis-
ease progression may act as potential
drivers of NSC dysfunction. Now, Hamil-
ton et al. build upon their previous findings
to investigate how very early AD-related
changes within the neurogenic niche
impair adult regenerative capacity. The
authors demonstrate that proliferation of
NSCs and their daughter neuroblasts in
both the DG and SVZ is decreased by
2 months of age in 3xTg-AD mice
(Figure 1), long before Ab plaque deposi-
tion and neurofibrillary tangle formation.
Interestingly, the authors hone in on one
of the original AD-associated tissue pa-
thologies described by Alois Alzheimer
as the potential culprit of this regenerative
decline: lipid accumulation.
Complementing the 3xTg-AD mouse
model with postmortem human AD brain
samples, Hamilton et al. characterize
accumulation of Oil Red O (ORO)-positive
neutral lipid droplets in the SVZ niche.
Lipid droplets were uniquely found along
the lateral ventricle in contact with the
ependymal cells that line it, but never
accumulating in the sub-ependymal pop-
ulation. It should be noted that NSCs are
sub-ependymal, so whether such lipid
droplets make contact with NSCs them-
selves requires further investigation.
Utilizing an innovative Imaging Mass
Spectrometry (IMS)-based lipidomics
strategy, the authors provide a detailed
lipid characterization within the SVZ
niche, demonstrating selective enrich-
ment in oleic acid (OA). The authors
perform genome-wide microarray anal-
ysis of microdissected SVZ tissue and
similarly determine that local metabolicCell Stem Cell 1processes, including lipid-related gene
expression, are altered in the 3xTg-AD
SVZ, suggesting that the observed lipids
are niche-derived. These findings posited
lipid accumulation as functionally relevant
within the AD neurogenic niche.
Hamilton et al. explore the functional
consequences of mimicking AD-related
changes in OA. Increasing local levels of
OA in young adult wild-type mice for
1 week by intracerebroventricular infusion
recapitulated the formation of ORO-posi-
tive neutral ependymal lipid droplets
observed in 3xTg-AD mice. Surprisingly,
this short-term infusion of OA did not
affect adult neurogenesis. Given that
NSC proliferation occurs in the order of
weeks in vivo, the authors reasoned that
a different paradigm was necessary for
adequate assessment of the effects of
OA on neurogenesis. Employing a regen-
eration model in which NSC proliferation
is eliminated with the anti-mitotic agent
cytosine arabinoside (AraC), the authors
induced synchronized activation of the
quiescent NSC pool in the SVZ. In this
context, increased OA levels inhibited
NSC-mediated repopulation of the SVZ
niche, indicating that local increase in
OA could negatively regulate NSC activity
(Figure 1). Whether the endogenous
source of the fatty acids is indeed the
SVZ, andmore specifically the ependymal
cells, remains unknown (Figure 1). The au-
thors provide hints that this may be the
case using an SVZ wholemount in vitro
system, in which soluble factors derived
from the 3xTg-AD SVZ were detected
and shown to inhibit NSC proliferation to
a similar degree as direct exposure to
OA. However, in the absence of inhibiting7, October 1, 2015 ª2015 Elsevier Inc. 373
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Figure 1. Lipid Accumulation Negatively Regulates Neural Stem Cell Function in a Mouse
Model of Alzheimer’s Disease
Oleic acid (yellow) accumulates in ependymal cells (gray) in the Alzheimer’s disease (AD) subventricular
zone (SVZ) at young ages, resulting in decreased neural stem cell (NSC) (blue) and transient amplifying cell
(teal) proliferation that leads to reduced neurogenesis (green). Negative regulation of NSC activity is
mitigated by local inhibition of oleic acid production with SCD1 inhibitor in the young AD SVZ. (WT, wild-
type; LV, lateral ventricle; BV, blood vessel). Illustration courtesy of Gregor Bieri.
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mount system, the functional link between
the SVZ, OA, and AD remains obfuscated.
From a mechanistic perspective, the
effects of OA are attributed to hyperacti-
vation of Akt signaling in NSCs. The au-
thors demonstrated that inhibiting AKT
signaling in vitro and in vivo mitigates, in
part, impairments in NSC function elicited
by OA. These findings prompt future
studies to further elucidate the exact
mechanism by which OA and AKT
signaling coordinate their effect on NSCs
in the AD brain, thereby marking them as
potential targets for the restoration of
regenerative capacity. For example, are
there OA receptors present on the cell
surface of NSCs that activate the AKT
pathway in AD?
In perhaps the most exciting set of
experiments, the authors investigate
whether NSC impairments in 3xTg-AD
mice are due to elevated endogenous
OA levels. The authors pharmacologically374 Cell Stem Cell 17, October 1, 2015 ª201inhibit the OA-producing enzyme stearoyl-
CoA-desaturase (SCD) for 28 days in
2-month-old transgenic mice by intracere-
broventricular infusionwith anSCD1 inhib-
itor. Remarkably, SCD1 inhibition miti-
gated the decrease in NSC proliferation
observed in both the SVZ and DG of
3xTg-AD mice (Figure 1). These findings
indicate that targeting metabolic pro-
cesses early during AD progression may
provide the means to prevent, or even
reverse, regenerative dysfunction occur-
ring in the diseased brain with age.
That the adult brain is unable to combat
the effects of aging and age-related
neurodegenerative diseases due to a
lack of inherent plasticity is indeed a harsh
decree. A growing body of work now
demonstrates that systemic and local ma-
nipulations at old age can actually reverse
adult NSC dysfunction (Bouchard and Vil-
leda, 2015; Katsimpardi et al., 2014;
Smith et al., 2015). Given regenerative im-
pairments previously observed by the5 Elsevier Inc.same group in middle-aged and old
3xTg-AD mice, it is exciting to consider
that targeting OA synthesis even late in
life may be able to reverse regenerative
dysfunction in the aging and AD brain.
Moreover, the question arises of whether
the beneficial effects of targeting lipid
metabolism extend beyond NSC activity
to restore higher-order cognitive func-
tions lost in aging and AD. The founts of
growth and regeneration may be less
arid than we once believed.REFERENCES
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